Abstract. This work is focused on the study of the influence of different strains of yeasts on the concentration of organic acids, metallic content, and other physical-chemical parameters from experimental sparkling white wines produced by traditional method (bottle fermented). This study was required due to climatic conditions varying from year to year, generating grape harvests with very high alcoholic potential, and very low values for total acidity. In this case, a Muscat Ottonel grape must was used and passed by a reverse osmosis process. The obtained permeate was mixed with a calculated amount of the concentrate to generate a must with a potential of 10.5% (v/v) alcohol, in order o to obtain the base wine for the second fermentation. After fermentation, the wine was treated to get tartaric, protein and microbiological stabilization. For the second fermentation four different strains of yeast species Saccharomyces cerevisiae were used. Bottle fermentation and storage was performed at a constant temperature of approximately 12
Introduction
Sparkling wines obtain by the traditional method and here it can be mentioned cava wines (Spain) and champagne wines (France) have been scarcely studied in the literature of the field. The traditional method of obtaining sparkling wines consists of a second fermentation process. The base wine elaborated in a first phase is left to undergo a second alcoholic fermentation, inside a sealed bottle by adding tirage liqueur and yeasts, followed by ageing on yeast lees under anaerobic conditions for several months [1] .
The composition of a sparkling wine and in general of a wine is due to many factors related to the specific production area such as: grape variety, soil, climate, yeast, wine making practices and not only. All of this factors have an important influence on the quality of wine and they also have a major role in the characterization and differentiation of wines [2, 3] .
The mineral content in wines has been extensively studied and reported due to the implications on different levels such as: sensorial, hygienic, dietetic, toxicological [4] . Furthermore this type of studies helps to characterize and to differentiate the wines from the geographical point of view when reliable chemical analyses techniques in combination with modern chemometrical methods are used [5] [6] [7] [8] .
The levels of organic acids in wines and in general of the volatile component are strongly influenced by the dynamics and the activity of the indigenous or the a e-mail: vvcotea@yahoo.com inoculated yeasts [9] . In wines, organic acids have a major role for the composition, the stability and the organoleptic qualities and their preservative proprieties enhance the microbiological and the physicochemical stability [10] .
Reverse osmosis (RO) is a technology that uses a semi permeable membrane to remove ions, molecules and larger particles from different liquids. In reverse osmosis, an applied pressure is used to overcome osmotic pressure a colligative property, which is driven by chemical potential differences of the solvent, a thermodynamic parameter. In the winemaking industry it is desired to obtain a wine from extremely ripe grapes in order to create a wine with a developed sensory palette, but in this case occurs the problem of obtaining wines with a high alcoholic strength [11] [12] [13] [14] .
Thus, in order to avoid this type of situations reverse osmosis is applied and in this case the level of alcohol is reduced without major changes on the fruit flavors and other elements in the wine.
Materials and methods

Must samples
The present study was carried out on four samples of sparkling wines obtained from Muscat Ottonel juice/must. Muscat Ottonel is a younger and less-distinguished member of the broader Muscat family and it is considered to be a clone obtained from the crossed process of Chasselas and Muscat Ingram [15] .
th World Congress of Vine and Wine
The must and implicitly the wines obtained from the Muscat Ottonel must are characterized by a floral aroma with fruity notes such as apricot and quince. Noteworthy is that the juice of Muscat Ottonel are suitable for obtaining both dry and sweet wines. Concerning the present study the raw material -the must was obtained from grapes of Muscat Ottonel that were harvest in 2015 at full maturity from Iaşi vineyard.
Wine samples
The sparkling wine samples taken in the experiment were produced in the micro-winery belonging to the Oenological department of the University of Agricultural Sciences and Veterinary Medicine of Iasi.
It is a must to emphasize the fact that the samples covered by this scientific study were obtained by applying the classical method. This method consists of a secondary bottle fermentation of the wine raw material, followed by the removal of impurities by riddling and disgorgement operations.
The harvest of grapes along with the primary fermentation proceeds have gone as with any still wine. The still wine produced becomes in this way the basewine to be used in the next step. It is necessary to mention the fact that a reverse osmosis process was applied to the initial must, then the obtained permeate and concentrate was mixed in a variable ratio to generate a must with a potential of 10.5% (v/v) alcohol, followed by the typical fermentation process.
The second fermentation is induced by adding four different yeasts mixed with a calculated amount of the concentrate must (called "tirage liqueur"). The sugar added with the "tirage liqueur" provides food for the yeast and is entirely consumed during the secondary fermentation and has no effect on the "sweetness" of the final product. At this time the bottle is capped with a crown cap (the same as a beer bottle) and stored in a cellar in the horizontal position to age.
After the completion of the aging process, the bottle is submitted to a removing operation of the dead yeast, this process being known as riddling. At this stage the bottles are placed on special racks at a 45
• angle with the cork pointed down and occasionally the bottles are slightly shaken. After, the position of the bottles is changed being pointed straight down with the sediment in the neck of the bottle.
The disgorging operation consists in a frizzing process of the neck bottles that are still pointed down and after that the bottles are turned upright and the cap is removed. In this way the pressure in the bottle will eliminate the lees.
Immediately after disgorging and before final corking, the wine levels from the bottles is completed and the liqueur for dosage is added, in order to obtain certain sensory characteristics and the various types of sparkling wine
Reagents for the fermentation process
For the fermentation process the most important factor is the type of the yeasts that were used. Thus, the yeasts are becoming the experimental factor helping to differentiate samples regarding the quality of the wine obtained given by: aromatic compounds, metals content, acids content, color and the determination of the amino acids. The samples are: V0-the blank sample, V1-the type I of yeast are used, V2-the type 2 of yeast are used, V3-the type 3 of yeast are used, V4-the type 4 of yeast are used. It is also necessarily to underline the fact that the yeasts that were used for this experiment are IOC products.
After the decarbonisation operation, each sample of wine was submitted to the following analyses: sulfur dioxide, volatile acidity, total acidity, alcoholic strength, reducing substances, total dry matter and non reducing substances. The analyses were done according to OIV methods and the specific literature [10] .
The quantification of metals in the wines samples using an Agilent MP-AES 4200 system
The analyzed samples were diluted in order to reduce the salinity of the samples below 1%. The technique employed doesn't need the mineralisation of the samples or the addition of ionisation buffers. The measurements were performed using an Agilent MP-AES 4200 (Microwave Plasma-Atomic Emission Spectrometer) system equipped with the standard sample introduction system consisting of the OneNeb nebulizer, double pass cyclonic spray chamber and easy fit torch.
The Agilent SPS-3 auto sampler was used to deliver samples to the instrument allowing unattended operation. The selection of optimal lines depended on wavelengths that were free from spectral interference and matched the appropriate sensitivity. Concerning the interferences on the background and spectral level can be corrected for using the MP software. The read time for all samples is 3 seconds and all others instrument operating parameters are presented in Table 1 .
The determination of organic acids of the wine samples
The analysis of the organic acids was performed by using a HPLC Shimadzu series 20 system. The samples were filtered through a 28 mm nylon 60.45 µm syringe cartridge according to the modified methodology described in the method MA-E-AS313-04-ACIORG by O.I.V. standards. A 5 µL volume of sample or standard was injected through two analytical columns (YMC-Triart C18 multistage hybrid group's 3 µm150 × 4.6 mm 120Å) at a flow rate of 0.9 mL/min. using a solution of sulphuric acid adjusted to 1.3 pH value. Columns temperatures are maintained to 45
• C for the entire run. The quantification of compounds is done at certain wavelength for each organic acid.
Results and discussion
The general physic-chemical parameters of the analyzed sparkling wine samples are presented in Table 2 . It is necessarily to mention the fact that in the obtaining process of sparkling wines was used the same raw-material-wine and possible differences could result from using different types of fermentation yeasts.
Comparing the sparkling wine samples, visible differences can be observed between the blank samples and the samples treated with specific yeasts. Thus, the values of the alcoholic strength of the analyzed samples ranged th World Congress of Vine and Wine Table 3 . The alkaline and alkaline-earth metals content in the raw-material wine and in the analyzed sparkling wines. between a minimum of 10.34% for the blank sample and a maximum of 11.6% for the samples V1 and V3. The dynamic of the alcoholic strength can result from the fermentation process that was "accelerated" for the samples inoculated in the second fermentation stage with specific yeasts. The density of the samples is correlated with the sugar content of the wines. Furthermore, observing the sugar levels or the reducing substances, the sparkling wine samples can be included in the category brut.
The total acidity that varied from 6.28 g/L to 6.9 g/L and the volatile acidity that ranged between 0.26 g/L and 0.33 g/L describe the profile of balanced sparkling wine samples. Generally, the real acidity of the wine or the pH has an important impact on almost every aspect: color, stability, flavor and also on the rate of the fermentation process. Referring to the analyzed samples this parameter was situated between 2.8 and 3.1 a range that doesn't allow the growth of bad microorganisms.
Detection of the presence of different metals in the blank sample and also in the samples treated with specific yeasts was carried out using an Agilent MP-AES 4200 system. The values of the metals concentrations that were identified in the sparkling wine samples are listed in Table 2 and Table 3 . It is required to mention the fact that the metal analysis of the samples was performed at six months (V1, V2, V3, V4) and at eleven months (V1a, V2a, V3a, V4a).
The presence of metals in wine has a double origin: natural and anthropogenic and their concentrations can play a significant role, affecting the consumption and also the conservation of the wines. Sparkling wines quality and in general wines quality depends also on the metal composition since the metallic ions have important roles in the oxide-reductive reactions resulting in wine browning, turbidity, cloudiness and astringency. Most metals are important for efficient alcoholic fermentation. Ca, Mg, K and Na are implicated in the process of cellular metabolism of yeasts by maintaining the right level of pH and ionic balance.
Observing Table 3 and Fig. 1 , it can be noticed a variability concerning the presence of Mg, Ca, K and Na in the blank sample and in the samples analysed. So, the concentrations of K and Ca register a growth after the storage at six and eleven months, but in the case of Mg and Na a considerable decrease is detected.
The composition of metals in wine during fermentation, maturation and storage is not stable. In the fermented th World Congress of Vine and Wine Figure 1 . Dynamic of the alkaline and alkaline-earth metals concentrations in the wine raw-material and in the analyzed sparkling wines. Table 4 . Concentrations of Mn, Zn, Fe, Cu and Ni in the wine raw-material and in the analyzed sparkling wines. musts and wines, yeasts consume Ca, Cu, Fe, K, Mg and Zn, so usually their concentrations decrease [16] . After the fermentation process, racking of yeasts sediments and other precipitates is used to remove these metals. However, referring to the analyzed samples the concentrations of metals such as: Zn, Fe, Cu, Ni, Mn are higher for the samples inoculated with yeasts.
Even more, comparing the concentrations of Fe, Cu, Ni, and Mn in the samples V1, V2, V3, V4 an interesting dynamic is observed (Table 4 and Fig. 2) . Thus, the concentrations of these metals have increased with the increasing of the storage period. This phenomenon might suggest the susceptibility of the wine samples to the clouding or sedimentation process as well as flavor deterioration due to the strong catalytic and oxidative proprieties of the cations (especially Fe and Cu). The concentration of Pb in the analyzed samples weren't represented in Fig. 1 due to the fact that in the case of samples V2 and V3 the presence of this metal wasn't detected by the system and in the case of other samples the presence wasn't pure but interfering with the presence of Fe.
The presence of the main organic acids and their concentrations in the analyzed sparkling wines samples are presented in Table 5 . As it was mentioned before for the determination of organic acids a HPLC Shimadzu was used. The organic acids that were the subject of this study were: the malic acid, the tartaric acid, the shikimic acid, the lactic acid, the acetic acid, the citric acid, the succinic acid and fumaric acid.
The acids in wine are one of the essential components in both winemaking and the finished product since they have a direct influence on the color, balance and on the taste. In addition the acids present in wines assure the growth and the vitality of yeast during fermentation and also have a protective role against harmful bacteria. When the presence of the organic acids is at the right level a balanced wine is obtain, a wine characterized by a refreshing organoleptic sensation. On the other hand excessive concentrations give the wine a tart or a sour taste.
Malic acid along with the tartaric acid is one of the principal acids found in grapes and wine. In the analyzed samples the higher value was detected in the blank sample and with the storage of the samples a slight decrease was observed. From winemaking perspective the tartaric acid is one of the most important one due to its prominent role in maintaining the stability of the wine and due to its influence on the color and taste of the finished product. Referring to the results this acid varied from a minimum of 0,99 mg/L for the sample V3a and a maximum of 5,97 mg/L for the blank sample. Actually the same tendency of quantitative decrease was observed for most organic acids determined with some minor exceptions such as: fumaric acid, citric acid and malic acid.
As a minor carboxylic acid, shikimic acid can be identified in a wide range of fruits and it can be a great help in establishing the traceability and the authenticity of a wine. In the analyzed sparkling wines the level of this organic acid has suffer a slight decrease with the time of storage, the higher value being registered for the blank sample V0, respectively 15,97 (µg/L), but a generally decreased was identified at 11 months of storage.
On the other hand observing the dynamic of fumaric acid, an important increase can be noticed with the storage, So, if for the blank sample the level of this acid was somewhere 9,74 mg/L, after six months of storage the quantity of fumaric acid was four times higher and at 11 months a slight decrease was observed.
Conclusions
Following the results of the physico-chemical characteristics, the considered samples could be included in the category of "brut" sparkling wines.
The metals analysis revealed important differences between the analyzed samples. So, in the case of K and Ca, the concentrations in the sparkling wines after six months of storage has increased as compared to the blank sample and after that suffered a slight decrease. The levels of Mg and Na have registered important decreases at both series of samples, six months and eleven months of storage due to the yeast metabolism. On the other hand, in the case of Mn, Zn, Fe and Ni the analysis showed a marked increase after six months of storage compared with the raw-material wine. At eleven months the levels of Mn and Zn have diminished, but in the case of Fe has augmented probably due to the formation of stable complexes with amino-acids, melanoids.
The level of Cu has decreased in the samples analyzed after the six months of storage, but later an augmentation was observed. However, it should be stated the fact that the variability of the metals can be influenced by the evolution of pH, the activation of prosthetic metallo-enzyme and the ionic balance.
